Abstrak
drawbacks to case finding in countries with limited sources.
1 AFB sputum smears of clinical specimens require at least 10 4 bacilli per milliliter for detection from concentrated specimens and is relatively insensitive in the presence of HIV co-infection. 2 New technologies with higher sensitivity and specificity
The microscopic examination of sputum is the only widely available tool in most developing countries for diagnosing tuberculosis (TB), as it is low cost and easily available. Lack of standardized procedure and trained microscopist on reading acid-fast bacilli (AFB) sputum smear appear to be the major are urgently needed to confirm the clinical diagnosis and furthermore interrupt TB transmission.
Loop-mediated isothermal amplification (LAMP) technology is modified technique from Nucleic Acid Amplification Assays (NAAs) which can be used for direct detection of Mtb in clinical specimens. This method is based on the Polymerase Chain Reaction (PCR) principle and can reduce the weaknesses of several previous methods of NAAs, such as nucleic acid sequence-based amplification (NASBA), self-sustained sequence replication (3SR) and strand displacement amplification (SDA). 3 The amplification products are stem-loop DNA structures with several inverted repeats of the target and cauliflower-like structures with multiple loops, yielding amounts greater than 500 µg/mL of DNA. 4 LAMP method relies on autocycling strand displacement DNA synthesis by a Bst DNA polymerase. The amplification of DNA is directly correlated with the production of precipitation as the reaction's result, leading to an increase of the solution turbidity. LAMP reaction can be monitored in real-time by measuring the solution turbidity in an inexpensive photometer or by daylight visualization. 5, 6 Characterization of LAMP method is carried out using at least 4 different primers which are specifically designed to recognize 6 or more distinct regions, on the target DNA. The primers used are inner, backward and also loop primers to reduce the duration of amplification. The amplification occurs at a constant temperature using strand displacement reaction, therefore it can replace the need of thermocycler machine like usually used in conventional PCR by simple incubator or block heater. Hence, the reaction is conducted at the optimal temperature for enzyme function, and the inhibition of the reaction that occurs at later stages of amplification, a typical problem with PCR, is less likely to take place. [7] [8] [9] There is no time loss for thermal change due to its isothermal reaction and it is limited only by the amount of deoxynucleotide triphosphates and primers of the gene. The higher amplification efficiency of the RT-LAMP method enables simple visual observation of amplification with naked eyes under UV lamp in the presence of an intercalating dye, such as SYBR Green I or ethidium bromide. 10 Thus, this method could be a potential valuable tool for the rapid diagnosis of infectious diseases in either commercial or hospital laboratories. A feasibility study using LAMP for detection of Mtb from culture-positive sputum, was carried out in Microscopy Centers in Lima, Peru, Dhaka, Bangladesh and Mbeya showed good sensitivity.
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Optimization tests of LAMP-TB assay are important to analyze whether this technology can be recommended for diagnosis TB in limited sources areas, such as in Indonesia. The first optimization was the sensitivity study of two commercialized DNA extraction kits (Qiagen and Amplicor) and DNA amplification LAMP kit 12, 13 (Eiken Chemical Co. Ltd.) using set primers specific for 16S rRNA gene by Pandey et al. 14 The second optimization was to verify the sensitivity of "four sets" LAMP primers for TB assay which had been published elsewhere; consisted of one set primers specific for rimM gene 15 one set for gyrB gene 5 and two sets primers specific for 16S rRNA gene by Pandey et al and Yamaguchi et al. 14, 16 The specificity of the "sets primers" was evaluated against twelve DNA's Mycobacteria sp., The sensitivity of some simple equipments for LAMP-TB nucleic amplification and system detection were also evaluated. After the optimization tests, the reliability test of the method was continued using set primers specific for gyrB gene 5 to diagnose 122 archived MTB DNA from Indonesian TB patients.
METHODS

Optimization of LAMP method
DNA preparation: efficiency of extraction kit and loopamp DNA amplification kit This study used DNA's extract A and B in 10-fold serial dilutions of M. tuberculosis H37Rv culture fluid, which was prepared using two different commercial kits from QIAamp DNA mini kit (Qiagen, Germany) and Amplicor DNA mini kit (Roche, AMPLICOR) respectively. 12, 17 The initial processing of specimens was performed under biosafety level 3 containment facilities. Extraction of the Mtb H37Rv was performed following the procedure described in the kits' manual.
A set of six primers specific for 16S rRNA gene was used in this study. 
Sensitivity of LAMP primers sets for rapid detection of Mtb
DNA's extract A was used throughout this study. There were "four sets" of LAM-TB primers used for rapid detection of Mtb assays (Table 1) polymerase large fragment (New England Biolabs) and 2.0 µL of template DNA. The mixture was incubated and heated at the temperature specific for particular primer set being used in the LAMP real-time turbidimeter (LA-320C; Teramecs).
Specificity of LAMP primers sets for rapid detection of Mtb assays
The specificity of "three sets" of LAMP primers sets, i.e. set primers I
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, II 6 and III 14 were tested using 12 Mycobacteria species : M. tuberculosis
Sensitivity of several instruments for LAMP method
To develop the application of LAMP method in the limited sources area, different simple equipments for nucleic acid amplification and detection system were investigated. The amplification equipments tested were LAMP real-time turbidimeter (LA-320C, Teramecs), heating block, and water bath. For detection system, fluoresence or precipitation method were tested. All tests used Loopamp DNA Amplification kit (Eiken Chemical Co Ltd.) with set primers I and 2.0-µL DNA's of Mtb H37Rv (DNA extract A) as template.
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Evaluation of MTB-LAMP against Indonesian TB samples A number of 122 DNA's Mtb were, chosen from the 437 archived AFB positive sputum from Indonesian TB Patients by randomized systematic sampling (RSS). After decontamination by N-acetylcysteine-NaOH and subsequent concentration by centrifugation, 2 samples were split prior to processing: a 200 µL aliquot from each sample was prepared for LAMP testing and the remaining for culture growth. The DNA was extracted from specimens using DNeasy Blood and tissues kit (QIAamp Diagnostics Qiagen) and was stored at -70°C before used. For culture growth, 100 µL sputum suspension was inoculated into two culture tubes containing Lowenstein Jensen media (Becton Dickinson, Spark, MD) and incubated at 37°C. Cultures were observed up to 8 weeks for any colony growth.
Amplification reaction
LAMP reaction was performed using Loopamp DNA-amplification kit 2.0 µL archieved samples of DNA lysate and water bath as nucleic acid amplification instrument. 5 Results were visualized with fluorescence detection reagent (EIKEN) according to the manufacturer's instructions by UVlamp. The confirmation test for any discrepancy between LAMP and LJ results or both LAMP and LJ gave negative result, was performed by PCR and DNA sequencing. . The reactions were incubated in a programmable heating block (Biorad Diagnostic System Instrument) at 96°C for 2 min as an initial pre-denaturation step and then subjected to 30 cycles consisting of 1 min at 96°C, 30 s at 87°C followed by terminal elongation for 2 min at 72°C and hold in 4°C before started the new cycle. The PCR products were electrophoresed in a 2% TAE agarose gel and 10 µL blue juice gel loading reagent (Invitrogen Inc.) were used for detection by using Gel.Doc-XR (Biorad Diagnostic System Instrument).
PCR reaction
PCR test were carried out under the standard protocol for DNA amplification works in BSL-2 laboratory. The PCR mix (20 µL) contained 12.5 µL 2x Rx mix [40 mM Tris-HCl (pH 8.8), 20 mM KCl, 16 mM MgSO
Sequencing reaction
The PCR mix (10 µL) contained 4 µL of buffer sequencing and 2 µL of BDDT v3.1 (Applied Biosystem Japan Ltd.), 2 µL gyrB F or R primer (NIHRD patent), 2.0-µL nuclease free water were added to 2 µL DNA of lysate. The sequencing reaction consisted of incubation at 96°C for 1 min as an initial pre-denaturation step, then 30 cycles of denaturation and annealing, 10 s at 96°C and 5 s at 55°C, and stage of terminal elongation for 4 min at 60°C and hold at 4°C. The isolate was purified by addition of 60 µL 70% isopropanol followed by incubation at 2-8°C for 15 min. The supernatant was removed after centrifugation and 60 µL 70% ethanol was added to the pellet, spinned down for 15 min. After removal of the supernatant, the pellet was dried at room temperature for 60 min and10 µL Hi-Di formamide was added then loaded on 3130xl-Genetic Analyzer (Applied Biosystems Diagnostic Instrument).
RESULTS
Comparison between two commercial DNA extraction kits (Qiagen and Amplicor) on Loopamp DNA amplification kit (Eiken Chemical Co Ltd.) using set primers III specific for 16S rRNA showed that LAMP could amplify 1-10 copies of bacterial cells DNA extracted by Amplicor kit while with Qiagen required a minimum of 10 3 -10 4 copies bacterial cells (Figure 1 ).
Sensitivity of "four sets" LAMP primers to identify Mtb H37Rv DNAs diluted in serial showed that 10 fg to 1.0 pg gDNA from 10-fold serially diluted DNA of Mtb H37Rv were only detected by sets primers specific for 16S rRNA and gyrB genes. The fastest amplification began after 11 min incubation by set primers III, followed by set primers II after 25.48 min incubation and the last amplification showed by set primers I after 26.36 min of incubation ( Table 2 ).
The specificity of the sets of LAMP primers were evaluated against 11 species of Mycobacteria other than tuberculosis (MOTT) and Mtb H37Rv strain which were the collection of the Medical Faculty, Kobe University. A set primers specific for Mycobacterium genus was also used as a positive control. Using sets primers I-III, Mtb H37Rv strain was amplified after 9 -18 minutes incubation. The specificity of those sets primers were summarized by comparing amounts of Mycobacteria amplified by each set primers at one circle of reaction (Table 3) . The results also showed that the most promising set primers with highest specificity was set primers I.
Comparison of simple equipments for LAMP reaction, i.e. were water bath, heating block and LAMP real time turbidimeter (LA-320C, Teramecs) used set primers I for gyrB gene ( Table 2 . Sensitivity of four set of Mtb LAMP primers using Loopamp DNA Amplification kit
The assays were done using LAMP real time turbidimeter (LA-320C, Teramecs) instrument and the fluorescence could also be observed in the positive samples amplified in the water bath and heating block instrument. The glow was showed up by addition fluorescence detection reagent (EIKEN) in the last two serial dilutions according to the manufacturer's instructions ( Figure 1A) .
Analysis of the LAMP method on 122 samples TB patients showed that 114 isolates gave positive LAMP signals included 14 positive tests originated from negative LJ cultures. There were 8 isolates gave negative LAMP signals and three out the eight were from positive LJ cultures and five from negative LJ cultures ( Figure 1A ).
PCR tests were conducted using primers specific on gyrB gene, which had been designed by Primer3 software (NIHRD patent). The PCR products with positive electrophoresis band were further sequenced, and were compared to gyrB sequence of Mtb H37Rv reference genome using BLAST (Basic Local Alignment Search Tool) (http://www.ncbi.nih. gov/blast). Table 3 . Specificity of LAMP primers sets using loopamp kit EIKEN for identified 12 strain of
Mycobacteria sp
The assays were done using Figure 1B) . The BLAST analysis of all isolates with discrepant results and PCR positive showed around 97-100% similarity to gyrB sequence of Mtb H37Rv reference genome and indicated that those DNA sequences were DNA of Mtb. The results of LAMP-TB test in the detection of Mtb in sputum specimes after confirmation using PCR and sequencing can be seen in table 5 .
DISCUSSION
The DNA extraction and amplification kits play an important role to establish LAMP reaction for identification TB. The reaction depends on the amounts of bacterial DNA that had been extracted to be amplified. In this study, DNA obtained from both commercialized extraction kits (Qiagen and Amplicor) gave similar sensitivity of loopamp DNA amplification. However, since we expected this LAMP method could be applied in limited-source laboratories, we still need to search and analyse simpler standardized protocols for DNA isolation. Furthermore, this method involves pipetting of very small volume, thus, it is important to maintain the skill and consistence of technicians to keep the procedures free from contamination and failure.
LAMP reaction also depends on sensitivity of set primers which had been used. The sets primers specific on gyrB gene and 16S rRNA gene had six primers each which can be recognize eight distinct regions in the specific gene of Mtb genome. 5, 14, 16 The set primers were composed of outer F3 and B3 primers, inner FIP and BIP primers, and FLP and BLP loop primers to shorten the time of amplification reaction. Other published set primers, which specific on rimM gene, had only four primers to recognize six distinct regions in the gene of Mtb genome. 15 The primers were composed of outer F3 and B3 primers and inner FIP and BIP primers, without using FLP and BLP loop primers. In this study, the results indicated that set primers targeting on rimM gene did not yield any amplification until 60 minutes incubation, while other sets primers specific on 16S rRNA gene (Pandey) were the most sensitive primers with faster amplification (11 min after incubation) and 10 fg DNA were detected. Previous literatures had written that LAMP reaction time can be even less than half of that for the original LAMP method by using loop primers, 3 so the lack of amplification using set primers specific on rimM gene might be caused by lack of FLP and BLP primers.
Our results on the specificity of sets primers were showed that one of the set primers which spesific on 16S rRNA gene published previously by Yamaguchi, and Pandey could recognized 7 and 6 species others than Mtb (Table 3) respectively. This can be explained because 16S rRNA gene is a common gene which presents in all species of Mycobacteria, the known and novel Mycobacteria. 17 Meanwhile the set primers specific on gyrB gene showed higher specificity only detected M. tuberculosis. Conserved sequence of the gene may lead the set primers designed on gyrB gene become the most suitable primers for detected Mtb in samples.
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LAMP method using LAMP turbidity instrument for detection of TB cases and other mycobacterial diseases have come into common use in industrialized countries because of their great advantage in speed (sensitivity and specificity) compared to culture. The complexity and insufficient budget to support for a precision instrument and high degree of technical support make them unsuitable for most developing country settings. Applied LAMP method using common incubator like water bath or heating block can give an opportunity to improve rapid diagnosis of TB in limited sources area. The results of the sensitivity evaluation test for LAMP-TB assays using three different instruments showed that using simple incubator like water bath and heating block is comparable to turbidity instrument and it could detect M.tuberculosis H37Rv at 10 bacterial cells. This alternative instrument can make the application of LAMP method in developing countries more applicable.
Analysis of MTB-LAMP assay against DNA's MTB archieved samples aimed to determine the feasibility and reliability of LAMP method in laboratories with limited facilities, using simple incubator and visual readout by UV fluorescence and naked eyes. It showed that the amount of time for DNA extraction very much depended on the skill of the workers; two hours for 30 clinical isolates on average. The risk of DNA contamination has to be taken into account as a weakness of the test, unless strict rules to prevent contamination are observed. Assessment on the sensitivity of LAMP method compared to culture growth with PCR as the confirmation test showed 94.2% (114/121) positivity rate, included the 14 samples negative on LJ culture, suggesting LAMP method is better to detect Mtb than culture or PCR. In conclusion, this MTB-LAMP could be use in the area with limited sources. However, there was still 3.6% false negative results when tested on TB samples from Indonesia; this could be due to variability of DNA sequence recognized by the primers used; thus development of new set of LAMP-TB primer which can be constructed from conserved sequence of Mtb circulated in Indonesia is still a need.
